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httcense.Abstract Objectives: Evaluate whether maternal history and ultrasound can predict massive hem-
orrhage during cesarean section in placenta praevia.
Study design: Sixty singleton pregnant women with persistent placenta praevia (after 28 weeks’ ges-
tation) were prospectively enrolled in this study.
Comprehensive maternal history and ﬁndings obtained by antenatal ultrasound, including placental
location, presence of lacunae, lack of a clear zone, abnormal color Doppler indices were reviewed,
and their effect on the severity of maternal hemorrhage during cesarean section was analyzed.
Results: Twenty two cases had massive intra operative hemorrhage, among them 20 patients were
conﬁrmed to have placenta accreta and its variants (including increta and percreta) at the time of
cesarean delivery.
For diagnosis of severe bleeding (>1500 ml), the sensitivity of previous uterine surgery, abnormal
color Doppler and lack of clear zone was high (95.5%, 81.8%, 81.8% respectively) while sensitivity
of presence of lacunae was low (36.4%). And the speciﬁcity of abnormal color Doppler, lack of
clear zone and presence of lacunae was high (94.7%, 94.7%, 97.4% respectively) while of previous
uterine surgery was low (36.8%).0052849.
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intraoperative hemorrhage and reduced the morbidity and mortality in patients with placenta pre-
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Maternal mortality is unacceptably high. About 800 women
die from pregnancy- or childbirth-related complications
around the world every day. In 2010, 287,000 women died dur-
ing and following pregnancy and childbirth (1).
Hemorrhage is the leading cause of death among pregnant
ladies accounting for 35% (one third) of deaths (2).
Placenta praevia is a major risk factor for obstetric hemor-
rhage especially in women with a previous uterine scar (3).
Placenta praevia deﬁned as abnormal placental implanta-
tion in the lower uterine segment, overlying or approaching
the internal cervical os. (4) It occurs in 2.8/1000 and 3.9/
1000 of singleton and twin pregnancies respectively (5).
The known risk factor for placenta praevia was increased
with advancing maternal age, high parity, uterine anomalies,
smoking, previous placenta praevia (recurrence rate 4–8%)
or cesarean section and uterine surgery (6).
Accurate prenatal identiﬁcation of placenta praevia allows
optimal management for timing and place of delivery, avail-
ability of needed blood products, and requirement of an expe-
rienced anesthetic and surgical team can be arranged in
advance (4).
This will save the maternal life and prevent serious mater-
nal morbidities that may arise from severe blood loss including
hypovolemic shock, DIC, renal failure, liver failure and adult
respiratory distress (7).
The mainstay of prenatal diagnosis for abnormal placenta-
tion is the duplex ultrasonography with magnetic resonance
imaging (MRI) being used only as an adjunct in indeterminate
cases (8).
Numerous studies have demonstrated the accuracy of
transvaginal sonography for the diagnosis of placenta previa,
uniformly ﬁnding that transvaginal sonography is superior to
transabdominal sonography for this indication (9,10).
Owing to increased incidence of abnormal placentation
nowadays the purpose of this study is to assess the value of
antenatal clinical evaluation and transvaginal ultrasound in
predicting the severity of intrapartum hemorrhage during
cesarean delivery.
2. Patients and methods
This prospective study was performed in obstetrics, gynecology
and radiology department emergency unit, Zagazig and sues ca-
nal University Hospitals, from January 2010 to February 2013.
The study was approved by the local ethics committee.
Inclusion criteria were singleton pregnancy with persistent
placenta previa, at gestational age from 28 weeks to term.
Exclusion criteria included multiple gestation, poly-hydra-
minos (AFI > 24) (11), women with other risk factor for intra-
partum hemorrhage as local uterine cause (ﬁbroid),
hypertensive disorders, or current or previous history of signif-icant disease including heart disease, chronic hypertension, li-
ver, renal disorders or known coagulopathy.
Sixty patients met the eligibility criteria to be included in
this study, a written consent was obtained from each patient,
their age ranged from 20–40 years (mean age 30 ± 6.1).
All patients enrolled into the study were hospitalized and
subjected to, full maternal history taking, general and abdom-
inal examination, laboratory investigations and transvaginal
ultrasound examination.
The patients were scheduled for cesarean delivery at 36–
37 weeks.
2.1. Ultrasound examination
Transvaginal examination was done using Voluson 730 pro v
(GE health care, Zipf, Austria) using real time vaginal trans-
ducer with variable frequency 4–9 MHz, equipped also for
pulsed Doppler and color Doppler imaging.
The diagnosis of complete placenta previa was made when the
internal cervical os was covered by placental tissue; it was deﬁned
as central if the placental edge was not visualized by TVS exam-
ination; it was deﬁned as low-lying, when the lower edge of the
placenta was within 3 cm from the internal cervical os (12).
Placenta was examined for location, distance from the
internal os to the edge of the placenta, presence of placental
lacunae, lack of a clear zone.
2.2. Color Doppler study
Vascularity of the subplacental zone and intraplacental blood
ﬂow of the lower edge was evaluated with color Doppler
sonography.
Ultrasonic criteria that used to predict severe intrapartum
hemorrhage were (13).
 Placental lacunae (irregular area of low echogenicity larger
than 1 · 1 cm in the placental parenchyma).
 Lack of a clear zone (deﬁned as line of low echogenicity
between the myometrium and placenta).
 Placental location on the anterior wall and/or on a previous
cesarean scar.
 Placenta covering the os by >2 cm.
 Retroplacental hypervascularity in color Doppler imaging.
The patient was followed up by routine antenatal care every
2 weeks, with appearance of alarm symptoms (bleeding or
abdominal pain) patient was evaluated urgently.
2.3. Calculation of blood loss volume in every patient was done
by the following formula
Estimated blood loss (cEBL) was obtained by multiplying the
calculated maternal blood volume by the percent of blood vol-
ume lost.
Table 2 Univariate analysis of demographic criteria as a
predictor of massive bleeding (P1500 ml) during CS.
Variable Massive bleeding during
CS (n (%))
OR
(95% Cl)
Present Absent
Clinical and ultrasound assessment in patients with placenta previa to predict the severity of intrapartum hemorrhage 659cEBL = maternal blood volume · percent of blood volume
lost.
 Calculated maternal blood volume = 0.75 · {[maternal
height in inches · 50] + [maternal weight before delivery
in pounds · 25]}.
 Percent of blood volume lost = {predelivery hematocrit
(HCT) – post delivery (HCT) within 24 h.}/predelivery
HCT (14).
1 kg = 2.20462 lb.
1 m = 39.37008 inches.
The units of blood product transfused to the patients dur-
ing or after operation were documented.
Ideally, the use of a single unit of packed RBCs should in-
crease the hematocrit by approximately 3–4%. However, the
expected increase in hematocrit may be slightly less due to ex-
panded blood volume during pregnancy (15).
So if the patient received blood products during operation
we can calculate post delivery HCT by {hematocrit after blood
transfusion(number of the units of blood product
transfused · 3)}.
Severe bleeding is considered if blood loss is more than
1500 ml blood.
We used a cutoff for severe bleeding of >1500 ml repre-
senting 25% of blood volume since blood loss of such amount
would lead to hemodynamic decomposition (16).
2.4. Surgical management
Cesarean delivery was done for 54 patients between 36 and
37 weeks of gestation, the other six cases had earlier operative
interference owing to antepartum hemorrhage in two patients,
and changes of Doppler indices, biophysical proﬁle and per-
ception of fetal movement count in four patients.
Statistical analysis
The operative data were obtained at time of delivery and his-
topathological reports were obtained.
Data were statistically represented in terms of range, mean,
Standard Deviation (SD) and percentages. Comparison was
done using Student’s t-test comparing parametric data. Accu-
racy was represented using terms of sensitivity, speciﬁcity, po-
sitive predictive value, negative predictive value and overall
accuracy. All statistical calculations were done using computer
program Microsoft Excel version 7 (Microsoft Corporation,
NY, USA) and statistical package for the Social Science
(SPSS) statistical programs (PSS Inc., Chicago, IL, USA).
3. Results
Demographic criteria of study group are shown in Table 1.The
mean age was 30.6 ± 6.1 years. Forty-six patients (76.7%) hadTable 1 Demographic criteria of study group.
Age (years) (mean ± SD) 30. 6 ± 6.1 (20–42)
Parity (mean ± SD) 1.9 ± 1.4 (0.0–5)
History of previous surgery (number, (%)) 46 cases (76.7%)a past history of uterine surgery; Thirty-six had at least one
previous cesarean section, and 10 had a past history of other
uterine surgery (such as uterine curettage or myomectomy).
Analysis of these demographic criteria (Table 2) showed
that a history of previous uterine surgery was associated with
massive intraoperative bleeding, while maternal age and parity
were not found to be risk factors for intraoperative bleeding.
Table 3 showed the relationship between the ultrasono-
graphic criteria and amount of bleeding. It was found that
anteriorly located placenta bled more than posteriorly located
and the difference was signiﬁcant because the anteriorly lo-
cated placenta may be adherent to the site of previous CS scar.
Placenta located nearer to the internal os and/or overlap-
ping it, abnormal color Doppler (retroplacental hypervascular-
ity), lack of clear zone and presence of lacunae, all showed
increased amount of intrapartum hemorrhage and the differ-
ence between them and their counterparts was statistically sig-
niﬁcant (Figs 1–5).
During cesarean delivery 22 (36.7%) patients had bled mas-
sively, among them placental adherence were conﬁrmed in 20
patients (placenta accreta 8 patients and placenta increta or
percreta 12 patients), and in two patients uterine atony was
the cause of massive bleeding.
Thirty eight patients had considerable amount of bleeding
during operation, surgical ﬁnding in this cases was placenta
previa minor (26 patients), and placenta previa major (14 pa-
tients) with no placental adherence.
Cesarean hysterectomy was performed in twelve patients
(all patients with placenta increta or percreta, the histopathol-
ogical examination of the removed uterus reveals 9 cases of
placenta increta and 3 cases of percreta), focal resection of
myometrium invaded by placenta with bilateral mass uterine
artery ligation in eight patients and bilateral mass uterine ar-
tery ligation with uterine packing, blood transfusion in two pa-
tients, uterine packing in 14 patients, the remaining 24 patients
receive uterotonic.
Statistical analysis was carried out to identify factors asso-
ciated with massive bleeding during Cesarean section (Table 4).
Frequencies of massive bleeding were higher in cases in which
the placenta was completely covering the internal os and ex-
tend on both anterior and posterior wall. The presence of lacu-
nae in the placenta, abnormal color Doppler and lack of a
clear zone were associated with massive bleeding.
For the prediction of severe bleeding (Table 5), the sensitiv-
ity of previous uterine surgery, placenta overlapping os, abnor-
mal color Doppler and lack of clear zone were high (95.5%,(n= 22) (n= 38)
Maternal age
630 8 (36.4) 22 (57.9) 2.41(0.72–8.21)
>30 14 (63.6) 16 (42.1)
ParityP 1 22 (100.0) 32 (84.2) Undeﬁned
Previous surgery 21 (95.5) 25 (63.2) 12.25(1.45–270.7)*
* Signiﬁcant.
Table 3 Relation between ultrasonographic criteria and amount of bleeding in the study group.
Criteria of placenta No. of patients
(%)Total = 60
Amount of bleeding
(ml) (mean ± SD)
No. of massive
bleedings
Test used P
1-location
 Previa anterior 34(56.7) 1534.5 ± 571.8 16 (72.7) t= 2.04 <0.04*
 Previa posterior 26(43.3) 1219.2 ± 616.3 6 (27.3)
2-Distance from internal os
 2–3.5 cm away 2(3.4) (0.0)
 Within 2 cm 16(26.6) 800 ± 141 2 (9.1) f= 11.0 <0.001**
 0 mm of internal os 8(13.3) 966.3 ± 318.5 2 (9.1)
 Overlapping os 34(56.7) 1221.7 ± 486.7 18 (81.8)
1667.8 ± 610.3
3-Color Doppler
 Normal 40(66.7) 1045.9 ± 333 4 (18.2)
 Retroplacental hypervascularity 20(33.3) 2126.5 ± 487.2 18 (81.8) t= 11.1 <0.001**
4-Clear zone
 Present 40(66.7) 1105.9 ± 318 4 (18.2)
 Absent 20(33.3) 2101.8 ± 367.2 18 (81.8) t= 11.1 <0.001**
5-Lacunae
 Present 9(15) 2098.5 ± 358.5 14 (63.6) <0.001**
 Absent 51(85) 1290.1 ± 565.7 8 (36.4) t= 3.9
t:student’s t test; p:probability;
* Signiﬁcant <0.05;
** Highly signiﬁcant <0.01; f: anova.
Fig. 1 Transvaginal ultrasound of placenta previa minor
posterior, showing the lower margin of the placenta (plac)
reaching the margin of the cervix (cx) with no encroaching on
the internal os, no lacunae or hypervascularity.
Fig. 2 Transvaginal Doppler ultrasound of placenta previa
minor showing the lower margin of the placenta (pl) reaching the
margin of the cervix (cx) with no encroaching on the internal os,
there is placental lacunae (whit arrow), with preserved clear
retroplacental zone (whit arrow head).
660 M.A. Ebrahim et al.81.8%, 81.8%, and 81.8% respectively) while sensitivity of
presence of lacunae was low (36.4%). And the speciﬁcity of
abnormal color Doppler, lack of clear zone and presence of
lacunae were high (94.7%, 94.7% and 97.4% respectively)
while of previous uterine surgery, placenta previa located ante-
riorly, placenta overlapping os were low (36.8%, 52.6%,
57.8% respectively) .
4. Discussion
Antepartum hemorrhage complicates 2–5% of pregnancies of
which approximately one-third are due to placenta praevia
(17) Prediction of procedure of labor and the probability ofantipartum hemorrhage are critical in planning the manage-
ment of placenta previa (18).
Increasing maternal age and high parity are considered as
risk factors for placenta previa and maternal hemorrhage in
many studies (13,19,20), however in our study and in agree-
ment with Kinodo et al. (21), maternal age and parity were
not found to be risk factors for placenta previa and he attrib-
uted that to the patho-physiology of placenta praevia in mul-
tiparty is similar to that of age which is thought to be due to
atherosclerotic changes in the uterus and infarction which
cause under perfusion of the placenta and increase in its size.
It causes mainly minor placenta praevia and most of these
cases were not included in the study unless they presented with
severe hemorrhage.
Fig. 3 Transvaginal Doppler ultrasound of placenta previa with
focal accreta showing the placenta (pl) covering the internal os of
the cervix (cx); with placental lacuna, loss of subplacental
sonolucent line, line, retroplacental hypervascularity (black arrow)
and increased cervical vasculature (white arrow).
Fig. 5 Transvaginal Doppler ultrasound of placenta previa with
increta. showing placental lacunae (black arrow head), loss of
subplacental sonolucent zone with blood vessels at the uterus-
urinary bladder interface but not reaching the UB lumen (white
arrow).
Clinical and ultrasound assessment in patients with placenta previa to predict the severity of intrapartum hemorrhage 661Many studies reported that history of caesarian section in
previous pregnancy was considered as signiﬁcant predictor
for massive bleeding during cesarean section (13,22–24)
In our study in agreement with previous literature 46 cases
(76.7%) had underwent uterine surgery previously. Among
them 21 cases (45.65%) were associated with massive intraop-
erative bleeding (P1500 ml) with OR 12.25, CI: 1.45–270.7.
Previous studies have reported that placenta previa and pla-
cental adherence were associated with massive intraoperative
bleeding (13,22,25) In this study placenta also placenta previa
and placental adherence were associated with massive
bleeding.
The combination of placenta previa and history of prior
instrumentation has been identiﬁed as a signiﬁcant synergistic
combination for the development of placental adherence (25–
30).
In the present study, placenta accreta and its variants were
conﬁrmed in 20 patients (33%) at the time of cesarean deliveryFig. 4 Transvaginal ultrasound of placenta previa gray scale (a) and D
(cx); with loss of subplacental sonolucent line and mild retroplacental(8 patients (40%) had placenta accreta and 12 patients (60%)
had increta or percreta), all these patients had a past history of
cesarean delivery.
This in accordance with the prevalence of placenta accreta
reported in the literature, where it is estimated to be 1 in 2500
pregnancies, and in association with placenta previa the risk of
placenta accreta is increased to be approximately 5–10%,
which rises to 24% with one prior cesarean section and to
67% with four or more (29).
Abnormal adherence of the placenta to the uterus can result
in catastrophic intrapartum hemorrhage (30).
Although some cases of placental adherence could be man-
aged conservatively, most cases require hysterectomy (31,32).
Also in our study we found that severe intrapartum hemor-
rhage was associated with placental adherence in 20 patients,
12 (60%) of them necessitate cesarean hysterectomy.
Hasegawa, et al. (13) reported that massive bleeding was
higher in cases in which the placenta was located on the ante-oppler (b) show the placenta covering the internal os of the cervix
hypervascularity.
Table 4 Analysis of Ultrasound ﬁnding as predictor of
massive bleeding (P1500 ml) during CS.
Variable Massive bleeding
during CS(N (%))
OR(Odds ratio)
(95% Cl)
Yes
(n= 22)
No
(n= 38)
Placenta on anterior wall 16 (72.7) 18 (47.4) 2.96 (0.84–10.82)
Placenta overlapping os 18 (81.8) 16 (42.1) 6.19 (1.54–26.9)*
Lack of clear zone 18 (81.8) 2 (5.26) 81(11.19–802.43)*
Presence of lacunae 8 (36.4) 1 (2.6) 21.14(2.27–493.6)*
Abnormal color Doppler 18 (81.8) 2 (5.26) 81(11.19–802.43)*
* Signiﬁcant <0.05.
Table 5 Validity of clinical and ultrasonic criteria in predic-
tion of severe bleeding.
Criteria Sensitivity
(%)
Speciﬁcity
(%)
PV
+ve (%) ve (%)
Previous surgery 95.5 36.8 46.7 93.3
Placenta previa anterior 72.7 52.6 47.1 76.9
Placenta overlapping os 81.8 57.9 52.9 84.6
Abnormal Doppler 81.8 94.7 90.0 90.0
Lack of clear zone 81.8 94.7 90.0 90.0
Presence of lacunae 36.4 97.4 88.9 75.0
PV: predictive value.
662 M.A. Ebrahim et al.rior wall or was located on the scar from a previous cesarean
section. This in accordance with our results as massive bleed-
ing is associated with 72% of anteriorly located placenta and
27% of posteriorly located ones.
Irregularly shaped placental lacunae, loss of the retropla-
cental clear zone and increased vascularity of the uterine sero-
sa/bladder interface have been reported to be sonographic
features suggestive of placental adherence (16).
In the present study and in agreement with results of Hase-
gawa, et al. (13), the presence of placental lacunae, lack of
clear zone and retroplacental hypervascularity were found to
be associated with placental adherence and massive intraoper-
ative bleeding and it was statistically signiﬁcant.
In conclusion, in patients presented with placenta previa
especially if associated with history of previous cesarean sec-
tion, or ultrasound ﬁndings that suggest placental adherence
as presence of placental lacunae, retroplacental hypervascular-
ity and lack of clear retroplacental zone, there is increased the
risk of massive intraoperative bleeding so in such cases the
management should be modiﬁed to account for this risk.
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